A generic wind tunnel model for tailplane stall investigations was designed to establish an experimental database for code validation. The configuration is numerically optimised to obtain large Reynolds numbers at the horizontal tailplane in a wind tunnel of limited size. It consists of a fuselage, a detachable horizontal stabiliser and a tip-truncated wing, that mounts the model at the turntables of the closed test section. Fuselage and wing are used to create representative downwash conditions in the tailplane region inside the wind tunnel, compared to free-flight. The tests were conducted at a freestream Mach number of 0.16 and at a Reynolds number based upon the mean tailplane chord of 0.72 · 10 6 . Tailplane stall with natural and fixed transition is visualised by tufts and oil-flow. In case of natural transition, pressure measurements and Particle Image Velocimetry in the area of turbulent trailing-edge separation provide qualitative data for the validation of numerical simulation approaches. First numerical simulations, using an unstructured Reynolds-averaged Navier Stokes Code, are in good agreement with the experiments. They show a separation of the boundary layer starting at the trailing edge with high crossflow velocities at the outer tailplane. Depending on the boundary-layer transition, the stall occurs abruptly for natural transition, initialised by a burst of a laminar separation bubble, or gradually for fixed transition. A deflected elevator shifts flow separation towards lower incidence angles of the tailplane without changing the process of flow separation.
Nomenclature α
Incidence angle of the model, degree δ e Elevator deflection angle, degree ε Downwash angle, degree, ε = arctan(w/u) 
I. Introduction
T he aerodynamic design of horizontal tailplanes for modern transport aircraft is mainly driven by the demands for longitudinal stability and reduced drag at cruise condition, for manoeuvrability at low speed, and for prevention of tail stall. Securing low-speed manoeuvrability becomes more important, if future aircraft tailplane area will be reduced for improved aircraft performance. Therefore meaningful predictions of the complex viscous flow over the tail and the efficiency of stabiliser and elevator at low-speed manoeuvre conditions are neccessary already during early stages of the industrial design process. Advanced three-dimensional, numerical simulation tools cope with the demand to forecast the nonlinear characteristic of stabiliser and elevator efficiency for increasing aerodynamic load, but experimental data for validation of these Computational Fluid Dynamics (CFD) codes relating to tailplane stall are not freely available.
The objective of the present work is to design and analyse the layout of a generic transport aircraft wind tunnel model, that can provide high quality experimental tail flow data close to the limits of tail stall. Within the first wind tunnel campaigns an overview of the characteristic onset of flow separation at the horizontal tailplane was obtained. Experiments took place in the subsonic wind tunnel (MUB) of Braunschweig Technical University. Aside three-dimensional Reynolds-averaged Navier Stokes (RANS) computations were undertaken to assess the model design based on approximate methods and to allow first comparisons between measured and simulated data of the flowfield around the tailplane. Experiments and preliminary simulations give an overview of the characteristic onset of flow separation at the horizontal tailplane (see also Grote and Radespiel 1 ). By merging both experimental and numerical data, fundamental aerodynamic design sensitivities of tail stall can be identified and analysed, to be applied for future aircraft design work.
For low Reynolds numbers and high angles of incidence, transitional phenomena influence the flow by the occurence of a laminar separation bubble. With increasing incidence angle such a bubble moves upstream towards the leading edge, reduces its chordwise extension and possibly bursts initiating the stall. A specific flow control by a forced transition in these cases is very challenging, because of the bubble's exposed position at the leading edge. However one would expect a more characteristic stall behaviour for higher Reynolds numbers without laminar separation bubbles. The results of perturbating the boundary layer by a tripping with fine grained corundum are therefore investigated here. To this end the experiments with forced transition can be used for comparisons concerning the phenomenological process of flow separations.
II. Design of the Research Wind Tunnel Configuration
The design of the generic research model is mainly affected by the demand of attaining maximum Reynolds number at the horizontal tailplane. For a typical tailplane geometry (aspect ratio 4.5 and taper ratio 0.42) Reynolds numbers about Re ≈ 1.0 · 10 6 can be realised in the test section of the wind tunnel MUB with a cross section of 1.3 m square. In our concept the span of the tailplane is about 68% of the test section width leading to a mean aerodynamic chord of 200 mm. The main wing is clipped and serves as the model support. Out of the variety of possible aircraft geometries a typical single-aisle, 100 seat aircraft was chosen to form the geometric base of the generic model. The dimensions of the closed test section determine wind tunnel wall interferences as mentioned by Krynytzky 2 and require an aerodynamic redesign of the main wing to keep the level of downwash at the tailplane.
As a result of the geometric dimensions in table 1 a wind tunnel blockage of 20% is generated, which can be accepted due to the fact that the wind tunnel is modelled in the numerical simulations as well. With this approach tail plane configurations may be investigated at Reynolds numbers, which would require twice the test section's dimensions using a conventional full-span model.
A. Aerodynamic Design of the Main Wing
For the design of the main wing the classical vortex lattice method in TORNADO by Melin 3 was extended by the method of images as described by Barlow. 4 Thereby, the main system of vortices is mirrored at the tunnel walls, so that the kinematic flow condition is fulfilled not only at the collocation point but also at the tunnel walls (see figure 1 ). This simplified approach was deemed to satisfy the demands producing represen- tative downwash conditions in the tailplane region. Complex systems of vortices, as shed by extended main wing's high-lift devices, will have an additional influence on the stall behaviour of the horizontal tailplane, which is neglected in this approach.
Starting from the main wing of a single-aisle aircraft in take-off configuration with known distributions of local lift coefficient and angle of incidence along the span, a reference wing with the same planform area was derived, as shown in figure 2. Its twist distribution was adjusted in order to approximate the given lift distribution (figure 3). For this configuration the spanwise downwash distribution was determined 540 mm behind the main wing shortly ahead of the original tailplane location at free-flight conditions, displayed in figure 4 .
By variation of sweep and twist, a clipped trapezoid wing of 1300 mm span and 28
• sweep was designed, creating an equivalent downwash distribution in the wind tunnel test section at the original location of the horizontal tailplane. In fact, the desired strength of the downwash could merely not be obtained, but this will only affect flow separation to occur at a higher negative incidence angle of the model tailplane in comparison to free-flight. The effect of decreased downwash inside the test section can be explained by the following: The mirror images of the lift generating part of the horseshoe vortices above and below the test section decrease the downwash at the tailplane region relative to the free-flight conditions. Reducing the distance between the main wing and the horizontal tailplane from 100% to 40%, as shown in figure 4 , can not completely solve this problem though the adverse effects of the mirror images decrease, but they do not disappear. But since too short distances between the main wing and the tailplane would make a realistic representation of the fuselage rear end flow impossible, an acceptable compromise seems to be the location of the horizontal tailplane at the 80% position compared to the reference.
To minimise the manufacturing complexity, a rectangular wing with chord length equal to the mean chord of the trapezoid wing was finally designed. Since this geometry produces the desired downwash distribution in spanwise direction as well, the rectangular wing was selected as the final geometry of the wind tunnel model. Its c l distribution along the span in figure 3 was confirmed by RANS simulations performed at a slightly lower angle of attack. 
B. Research Airfoil for the Horizontal Tailplane
The objective of designing a new research airfoil for the horizontal tailplane (HTP) was to produce a stalling behaviour at MUB wind tunnel conditions that is comparable to the phenomena observed in large industrial facilities at Re = 3.5·10 6 . The aim was to obtain similar values of c l,max and distributions of nose suction peaks compared to industrial references, however at a reduced Reynolds number.
Therefore, an industrial airfoil for horizontal tailplanes was at first analysed using the airfoil code XFOIL by Drela.
5 Concerning the pressure distribution, this airfoil was compared to two airfoils of the LWK-series showing flow separation in wind tunnel tests via leading-edge stall (LWK 80-120) and trailing-edge stall (LWK 80-150) (investigations conducted by Althaus 6 ). From the results displayed in figure 6 at equal c p,min and α close to c l,max it is obvious that both LWK airfoils show a steeper gradient in the region of pressure increase. Both LWK airfoils have a shorter laminar separation bubble in comparison to the industrial airfoil, denoted by the plateau length of the pressure distribution. This indicates that the industrial tailplane airfoil does not separate via leading-edge stall, despite the appearance of a laminar separation bubble. For the design of the research airfoil with XFOIL, the following design requirements were derived from this analysis: To attain an equivalent load at the model horizontal tailplane, the maximum lift for Re = 1.0·10 6 has to be increased to the value 1.8 by increasing the camber. Simultaneously, the airfoil contour at the leading edge was redesigned in order to produce a similar pressure distribution as for the original tailplane airfoil. The resulting airfoil named HGR-02 is shown in figure 5 . Its maximum lift coefficient is close to the target and the pressure distribution is quite similar (figure 7). So it may be assumed that both airfoils behave fairly equally, exept that the HGR-02 will have a longer laminar separation bubble at the lower Reynolds number. 
III. Experiments

A. Layout of the Model and Instrumentation
The structural layout in figure 8 shows the resulting wind tunnel model. It can be devided into a front part generating the necessary flow conditions at the horizontal tailplane, including main wing and the fuselage up to the disjunction ahead of the HTP, and a rear part, consisting of tail and tailplanes with 30% chord flaps. Rear fuselage and the horizontal tailplanes are manufactured of carbon fibre reinforced epoxy. The complete fuselage is 2050 mm long and has an axially symmetric section of 280 mm in diameter. The rear part of the fuselage is connected to the front via a 6-component strain-gauge balance, in order to measure the resulting airloads on the tail. The model's portside horizontal tailplane is equipped with 100 pressure tabs in sections at 55% and 75% semispan with a high resolution close to the leading edge to resolve expected separation bubbles. To evaluate the pressure forces on the inside of the rear fuselage as a result of the gap between both parts, 72 pressure tabs were located in this cut-plane. The pressure tabs are connected to temperature compensated, electric pressure scanners of Pressure Systems Inc. (PSI).
B. Conditions and Setup of the Experiment
The subsonic wind tunnel MUB of Braunschweig Technical University is a conventional closed-circuit atmospheric tunnel with exchangeable test sections. For the current experiments the 1.3 m square closed test section of 3 m length for velocities up to 60 m/s was used. The installed heat exchanger unit in the settling chamber allowed a stabilised flow temperature of 303 K. By its optical access, the tunnel is suitable for investigations using non-intrusive methods such as the Particle Image Velocimetry.
The model is mounted in the test section using turntables at the side walls as illustrated in figure 9 . In this way sting-induced interferences on the flow in the rear fuselage and tailplane region could be avoided. The tests were carried out at a freestream Mach number of Ma = 0.16, resulting in a Reynolds number based upon the mean aerodynamic chord of the horizontal tailplane of approximately Re = 0.72·10 6 . Natural transition was allowed at all components of the model. Later on tests with forced transition at the tailplanes by a strip of corundum were carried out as well. The parameters angle of attack, incidence angle of the stabiliser, and deflection of the elevator were varied to maximum negative lift at the tailplanes and beyond stall.
The surface flow at the horizontal tailplanes and in the junction of the rear fuselage was at first visualised using 10 mm long silk tuft in a 10 mm spacing giving a overview of the flow behaviour until stall and further on until reattachement. Oil-flow visualisation thereafter delivered a better spatial resolution of the surface streamlines. It provided a view of the structures within areas of separated flow at the trailing edge as well as the interaction with the rear fuselage. Also the position and the size of the laminar separation bubble and even its movement with increasing angle of incidence of the horizontal tailplane could be detected. As the model was rotated around its angle of attack from attached flow conditions to the required setting, the remaining oilfilm allways includes flow field information of the current setting and the preceding, which was passed through.
To investigate the characteristics in the area of turbulent trailing edge separation the conventional Particle Image Velocimetry was applied. Planes parallel to the xz-plane at 55% and 75% semispan and aligned in flow direction were illuminated with a frequency doubled Nd:YAG double-pulse laser system (Quantel Brilliant) with 150mJ pulse energy at a wavelength of 532 nm. The laser beam was formed into a light sheet of 1 mm in thickness to illuminate tracer particles, which were generated with a standard seeding atomizer. Vegetable oil was used as seeding material. A nominal particle size of 1 µm could be realised. The light scattered by the particles was recorded by means of a Peltier cooled LaVision ImagerPro CCD camera (resolution of 4008 × 2672 pixels) equipped with a TAMRON 180/3.5 Macro lens. The evaluation of the recordings was performed using an iterative multi-grid method of 2nd order accuracy with window-shifting und windowdeformation algorithms (Davis 7.0.09 by LaVision). The spatial resolution was 0.58 mm and the number of vectors per recording was 250 × 167 with 50% oversampling. To attain reliable estimations of the near-wall velocity distribution, regions without particle-information like the models contour, regions shadowed by the twist of the tailplane or outshone by reflections of the surface were masked before the calculation of the velocity vectors.
IV. Numerical Flow Simulation
The RANS equations are approximated using the DLR hybrid unstructured flow solver TAU (see DLR TR 7 and Gerhold 8 ), which is based on a finite volume scheme. The code processes meshes with different types of cells and combines the advantages of structured grids to resolve boundary layers with the flexible grid generation of unstructured grids. The code can be run with implicit or explicit integration schemes. To improve accuracy for low Mach-number flows, as in this case, a preconditioning method is employed as described by Melber and Heinrich. 9 To accelerate the convergence to steady state, techniques like local time stepping, residual smoothing and multigrid based on agglomeration of the dualgrid volumes are available. For parallel computations a domain decomposition is used providing a subset of dual grids. For a detailed resolution of interesting flow areas an adaptation algorithm can be applied. Gradient-based indicators control the cell refinement. Turbulent flows are modeled using Spalart-Allmaras or Wilcox k-ω turbulence models or modifications of these. Transition is modelled by limiting the production terms of the turbulence equation in laminar regions to be smaller than their destructive counterparts. appearence of a laminar separation bubble. Due to the startup of the turbuence model this was even ahead of the position detected during the experiments. On the pressure side it was set to about 80% of the local chord shortly ahead of the beginning pressure rise at the trailing edge. The boundray layer of the fuselage was assumed to be fully turbulent. By using the Spalart-Allmaras turbulence model, investigations were carried out to analyse the influence of the angle of attack, the stabiliser incidence angle, and the elevator deflection on the flowfield around and the pressure distribution at the horizontal tailplane. These simulations are used to assess the model design based on approximate methods as described above, to permit a better understanding of the model's behaviour during wind tunnel tests and to compare them with the results obtained experimentally.
A. Grid Generation and Sensitivity to Grid Resolution
The generation of the unstructured hybrid grids was done using Centaur by Centaursoft.
10 To keep the number of cells low, only those surfaces were meshed with prisms, where viscous boundary layers were supposed to have an influence on the tailplane flow. Therefore, only the boundary layers of the horizontal tailplane and the fuselage were resolved with prisms. The flow over the main wing and the wind tunnel walls was assumed to be inviscid. The viscous flow around the horizontal tailplane was resolved by at least 308 points in circumferential direction and 48 prism layers in normal direction. In regions of high grid resolution spanwise anisotropic cells were used. At the fuselage 32 prismatic layers were used. To minimise prismatic grid defects due to chopping in the junction between fuselage and tailplane, the rear fuselage was resolved with 40 prism layers. Grid adaptation locally improved the grid quality within the prismatic and tetrahedral regions in particular at the horizontal tailplane and increased the total number of nodes to about 10·10
6 . The effect of grid resolution on the flow was investigated by using a grid with four times less points. This grid yielded a difference in c l of the horizontal tailplane of 1.2%. The differences in the pressure distributions were rather small.
V. Results and Discussion
The occurence of negative tail stall at the horizontal tailplane, the most relevant case for low-speed application, was investigated at different settings including a deflection of the elevator. Negative tail stall can be triggered by an increase of the negative stabiliser incidence angle at constant angle of attack. As an alternative, the stabiliser incidence angle is fixed and the model angle of attack is varied. While in the former case the main wing's downwash at the tailplane is constant, in the latter case the downwash at the tailplane changes. Both cases were investigated experimentally, but the characteristic process of flow separation did not show significant differences despite the mentioned local changes in the downwash.
To assess the impact of the local downwash component at the location of the horizontal tailplane, numerical simulations of the model without tailplane were performed for a variation of the angle of attack. From these results the downward component of the velocity w, which is influenced strongly by the main wing's downwash, was evaluated at the location of the quarter-chord line of the tailplane at i t = 0
• and related to the local velocity component in freestream direction u. In figure 11 the resulting downwash angle ε along the quarter-chord line is plotted for different angles of attack. Apart from the region influenced by the boundary layer of the cylindrical fuselage, the downwash angle and thereby the effective angle of incidence at the tailplane, including the angle of attack, the incidence angle and the downwash angle, varies about ∆ε ≈ 3
• from the inner to the outer wing. Close to the fuselage the downward component is even intensified by the tail's conical shape. By a variation of the angle of attack, a local change in the effective angle of incidence at the tailplane of up to 1.5
• is induced. So cases of different settings, although apparently equal, do not only show a change in angle of attack for maximum lift, but to a certain extent also a change in spanwise lift distribution. For these cases only qualitativ comparisons between experiment and simulation can be drawn. Assuming natural transition of the boundary layer, the tailplane surface flow was investigated using oil-flow visualisation for i t = −16
• and variable angles of attack. For small negative stabiliser incidence angles, the flow over the lower tailplane's surface, the suction side, is fully attached. Caused by high suction peaks with steep pressure gradients resulting from the sharp leading edge contour, a laminar separation bubble appears in the region of the leading edge at medium stabiliser incidence angles. For the flow conditions chosen, this was expected from the simulations during the design of the airfoil HGR-02. The enlarged detail of figure 12 a) shows the extent of the separation bubble as paint is captured within the bubble during the experiment. For increased stabiliser incidence angles the separation bubble moves upstream towards the leading edge, while its extension is reduced.
Without deflected elevator a separation of the flow from the trailing edge for medium stabiliser incidence angles can only be observed at the junction with the fuselage. At the suction side of the horizontal tailplane the flow is attached, merely superposed by a certain crossflow component in outward direction towards the trailing edge. For increased stabiliser incidence angle a boundary layer separation is observed at the trailing edge of the outer tailplane region expanding upstream as shown in figure 12 a) and b) . The stall occurs abruptly and expands rapidly over the entire horizontal tailplane. It seems, that a disturbance of the separation bubble at the junction to the Küchemann wing tip initiates a local burst, that extends quickly upon the whole spanwise separation bubble. In the result fluid from the outer trailing edge flows into the separated region up to the leading edge. Continuing in the direction of minimum pressure along the separation line near the leading edge, the fluid moves to the inner wing, where it is redirected forming a vortex with its centre at the junction between the fuselage and the tailplane. The footprint of this vortex is visualised in figure 12 c) . It covers the whole area of the tailplane and explains, why this sudden separation leads to a drastic loss of negative lift. A more detailed description of the stalling process is subject of the current study and will be examined during the coming wind tunnel campaign. If the stabilizer incidence angle is reduced, the flow reattaches slowly beginning at the inner wing and displacing the vortex outwards. In case of a c n -α diagram, this would result in a distinctive hystereses loop. The characteristic process of flow separation changes, if transition is triggered by "control roughness" at the suction side of the tailplane, which prevents the formation of a laminar separation bubble. Therefore, a corundum strip of grain size between 100 µm (inboard) and 50 µm (outboard) was placed onto the lower tailplane surface between the suction peak and the observed line of separation, which was located between 10 mm (inboard) and 5 mm (outboard) downstream the leading edge. As shown by the c p -distribution at the leading edge in the enlarged detail of figure 14, the appearance of the separation bubble was thereby successfully prevented. In case of natural transition, the graph shows a region of separated flow by the nearly constant pressure at about 5% chord. After completed transition and turbulent reattachment the pressure distribution approximates again to the graph of the experiment without separation bubble. Unfortunately, the perturbation initiated by the corundum strip was so intense, that the degradation of the turbulent boundary layer velocity profile caused early trailing edge separation. Apart from the discrepancy concerning the beginning trailing edge separation, the obtained results show a different process of stalling compared to the case of natural transition. In this case the trailingedge separation expands continuously up to the outer wing's leading edge, where the reversed flow is split. The flow directed inboard discharges into a vortex located at the centre of the inner wing, the outboard directed flow discharges into a vortex near the leading edge at the junction to the wing tip. The footprint of the inner vortex is visible in the centre of figure 13. The loss of lift initiated by this constantly developing separation is not abrupt and thereby not very strong. For increased stabiliser incidence angle, the flow separates continuously at positions further inboard, whereby the inner vortex is dislocated inboard. Since the flow separates at the inner wing for increased α in the same way as it reattaches again for decreased α, a hystereses loop would not appear in a c n -α diagram.
In order to prevent the appearance of a laminar separation bubble in the numerical simulations, the location of completed transition was prescribed. Figure 15 a) and b) show pressure distributions and wall streamlines on the lower tailplane side at stabiliser incidence angles of i t = −11
• and i t = −14
• . Since the settings are not identical to the previous pictures of the oil-flow visulisation, only qualitative comparisons can be drawn (as mentioned before). A corresponding picture of the surface flow as indicated by the streamlines in figure 15 b) is shown by the oil-flow in figure 12 a) , except that the crossflow separation at the outer trailing edge is not that distinct in the numerical results. Note, the discrepancy can not only be explained by the differences in downwash for both cases. Another explanation is that the Spalart-Allmaras turbulence model tends to underpredict turbulent trailing-edge separation. However, this crossflow separation does not lead to a significant loss of lift as shown in figure 18 by the spanwise distribution of the normal force. Even from the pressure distribution at the tailplane, no distinct indicator for a perturbation of the laminar separation bubble can be drawn. The isobars show some effective reduction of the sweep angle in the region of the Küchemann wing tip, but possibly this does not have a relevant influence on the process of transition near the wing tip. Figure 15 . Pressure distribution and streamlines on the surface of the lower side of the horizontal tailplane.
For the stabiliser incidence angle of i t = −14
• local pressure distributions at the two spanwise positions of the horizontal tailplane (y/s h = 0.55 and y/s h = 0.75) are plotted in figures 16 and 17. Taking into account the different expansions of the trailing edge separation, the agreement between experimental and numerical results are satisfactory. Further differences result from the assumptions concerning transition at the tailplane in the experiment and in the numerical simulation. Both expanded trailing-edge separation and the occurrence of a laminar separation bubble at the leading edge in the experiments affect the growth of the boundary layer thickness. This influences the Kutta condition and thereby reduces the suction peak at the leading edge.
The discrepancies between the experimental and numerical results become obvious by plotting the normal force distribution, which is obtained by an integration of the local pressure distributions, along the semispan of the tailpane as shown in figure 18 . In particular for partly separated flows, the values differ up to 10% at the inner and up to 20% at the outer section of the wing. Despite flow separation from the trailing edge, the computed pressure distributions in figure 19 show a continuous rise of the suction peak at the leading edge.
The spatial behaviour of the tailplane flow at a stabiliser incidence angle of i t = −14 . The boundary-layer edge is matched by the simulations as well as the peak in the Reynolds stress distributions and its distance above the surface. Further downstream in figures c) and d), the discrepancies between the experimental results and the numerical simulations become more significant. Already at 60% local chord length of the inner section and at 50% at the outer section, the measured velocity profiles denote signs of a beginning separation by noticeably reduced near-wall velocities. The simulation indicates attached flow by predicting a smaller boundary-layer thickness and a maximum in Reynolds stress, that is closer to the surface. The apparent discontinuities in the profiles of the velocity and the Reynolds stress at a height of ξ/c ≈ 0.03 in the numerical simulation result from the change in grid-cell type from prismatic close to the surface to tetrahedral above. This change generates an unsteady velocity distribution and jumps in the distribution of the Reynolds stress. If the elevator is deflected and transition occurs naturally, the flow over the horizontal tailplane is characterised by large separations at the elevator. Despite variations in the downwash between the experimental results in figures 22 a) and b) and the numerical simulations in figures 23 a) and b), the results show a corresponding behaviour of the flow. Already for the deflection of δ e = −10
• , the flow is separated quickly over almost the whole elevator. The process of flow separation for a deflected elevator is comparable to the non-deflected case, exept that the flow separation at first covers the entire elevator until it exceeds the elevator hinge-line and expands towards the leading edge. The influence of the vortex at the leading edge of the wing tip is not yet clear, but it is conceivable, that it influences the stalling process. Similar to the non-deflected elevator at natural transition, the stall occurs abruptly and initiates a sudden loss of lift.
VI. Conclusion
The current work is intended to verify the aerodynamic design of a generic wind tunnel model, that was optimised to realise a Reynolds number at the horizontal tailplane of twice the value in contrast to a conventional full-span model. So within coming wind tunnel campaigns, a detailed database for CFD code validation can be established for the characteristic flow phenomena up to the limits of tail stall for a transport aircraft tailplane.
Within first wind tunnel campaigns it was shown that the occurance of tail stall, preceded by a gradual turbulent flow separation from the trailing edge of the outer tailplane up to almost 60% of the local chord, depends on the transition process of the boundary layer at the tailplane. If transitional phenomena cause the appearance of a laminar separation bubble near the leading edge, a characteristic sudden stall is initialised by the burst of the laminar separation bubble. For the flow conditions in the experiments, this was shown in case of natural transition. A more continuous process of flow separation was observed if early transition prevents the formation of a separation bubble. In this case the turbulent trailing-edge separation at the outer tailplane expands towards the leading edge, forming a pair of vortices from which the inner one constantly moves inboard. This was shown in case of fixed transition. By a deflection of the elevator at conditions of natural transition, the flow separates early at the elevator's suction side and is at first retarded by the knuckle-shape at the hinge line from covering the stabiliser surface. The further procedure leading to stall seems to be comparable to the non-deflected case.
The numerical simulations show already a good correspondence with the experiments. Flow separations from the trailing edge can be reproduced. With respect to the turbulent flow assumption of the calculation, local pressure distributions at the outer tailplane show good agreement with the experiments. For attached flows even the boundary-layer velocity profiles and the Reynolds shear stress profiles correspond with the PIV measurements.
The presented method of forcing transition was too intense for the thin boundary layer at the tailplane. Other techniques like adhesive tape of defined thickness or acoustic amplification, that may be capable of achieving transition control without a strong perturbation of the boundary layer, will be tested soon. Thereby, the validation database will be expanded to the more characteristic stalling at conditions closer to flight. 
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